1. Introduction {#sec1}
===============

Endometriosis is a common estrogen-dependent disease of reproductive age that affects up to 15% of women \[[@B1]\]. This figure can increase in particular setting, like infertile subjects or women requiring hormonal contraceptives \[[@B2]\]. Endometriosis is linked to pelvic pain, though it is sometimes completely asymptomatic, and infertility. Pelvic pain can be represented by dysmenorrhea, dyspareunia, chronic pelvic pain, dyschezia, and dysuria, and it can affect patients quality of life \[[@B3]\]. The burden of endometriosis during reproductive life changes after the menopause, when ovarian steroid hormones finish stimulating lesions and the major issue is due to the risk of malignant transformation \[[@B4]\].

Endometriosis is characterized by the presence and/or the growth of endometrial tissue (both glands and stroma) outside the uterine cavity that causes a chronic inflammation, inside or outside the pelvis \[[@B1]\]. In spite of about 90 years of research, pathogenesis of this disease is still largely unknown. The most widely accepted theory for endometriosis development in general remains the one initially proposed by Sampson in 1927 \[[@B5]\]. Sampson suggested that the disease originates from endometrial cells regurgitated through the Fallopian tubes during menstruation. This theory is supported by some anatomical common findings: endometriosis is more prevalent in patients with Müllerian congenital anomalies \[[@B6]\], in uteri with a retrograde pattern of myometrial contractility \[[@B7]\], or in particular uterine conformations \[[@B8]\]. On the other hand, this theory does not fit with all the cases of endometriosis, like those in subjects with Rokitansky-Kuster-Hauser syndrome that are without a functional endometrium, suggesting that it is unlikely that tubal regurgitation is the only mechanism implicated in the endometriosis development \[[@B9]\]. It is likely that endometriosis is not a single disease but it is composed by different entities with completely different pathogeneses. Indeed, three different entities of endometriosis were traditionally described: ovarian, peritoneal, and rectovaginal endometriosis \[[@B10]\]. Although endometriosis frequently involves multiple sites in the pelvis, malignancies associated with this disease are mostly confined to the ovaries, evolving from an endometrioma \[[@B11]\]. Reasons prompting the malignancy to develop only form ovarian endometriosis are largely unknown but probably due to the particular microenvironment, present at this specific site.

The aim of this review is to highlight the interesting relation between ovarian endometriomas and endometriosis-associated ovarian cancer (EAOC): starting from their pathogenesis, evaluating in parallel their relationships with menstruation and ovulation, and ending with proposals for possible common preventive strategies.

2. Ovarian Endometrioma {#sec2}
=======================

2.1. Pathogenesis of Ovarian Endometrioma {#sec2.1}
-----------------------------------------

Ovarian endometriomas, also known as "chocolate cysts," are benign ovarian cyst containing thick, old blood that appears as a brown fluid. The pathogenesis of ovarian endometrioma is a continuous source of controversy. The theories proposed by Hughesdon \[[@B12]\], Brosens et al. \[[@B13]\], Nezhat et al. \[[@B14]\], and Vercellini et al. \[[@B15]\] are in agreement about the origin of the cystic content: the regurgitated endometrium. Conversely, the mechanism of cyst development is different among these theories.

Hughesdon in 1957 \[[@B12]\] suggested that endometrial implants, located on the surface of the ovary, cause a gradual invagination of the ovarian cortex, which results in a pseudocyst. Brosens et al. \[[@B13]\], in agreement with Hughesdon, reported menstrual shedding and blood accumulation at the site of the implants through ovariscopy. On the other hand, Nezhat et al. \[[@B14]\] proposed that endometriomas may develop as a result of secondary involvement of functional ovarian cysts, while Vercellini et al. \[[@B15]\] hypothesized the development specifically from hemorrhagic corpora lutea, firstly suggesting a possible relation between ovulation and endometriomas.

Nisolle and Donnez in 1997 published a completely different hypothesis about the development of the endometrioma: a celomic metaplasia of invaginated superficial ovarian epithelium in typical glandular epithelium and stroma, thus excluding the possible involvement of retrograde menstruation in endometrioma\'s pathogenesis \[[@B16]\].

From the histopathologic point of view, "atypical endometriomas" are regarded as the precursor lesions for most endometrioid and clear-cell ovarian cancers. The risk of malignant transformation of atypical endometriomas is about 4-fold increase. There are histological evidences of transition from endometriosis, through atypical endometriosis, to EAOC \[[@B17]\]. The most important features in the endometrial epithelium for the study of malignant transformation are cytologic atypia and/or hyperplasia \[[@B18]\]. Moderate atypia (often reactive) is characterized by a layer of flattened or cuboidal cells with a large, pleomorphic, and hyperchromatic nucleus; vice versa severe atypia, which can be considered a premalignant lesion, is characterized by cells with a pale or pleomorphic and hyperchromatic nucleus, eosinophilic cytoplasm, and intraluminal projections ([Figure 1](#fig1){ref-type="fig"}). Thomas and Campbell \[[@B19]\] classified atypical endometriosis on the basis of the following histologic criteria: large nucleus, hyperchromatic or pale, with accentuated pleomorphism, decrease in the cytoplasm/nucleus relation, and cellular stratification. The presence of hyperplasia in the glandular epithelium is less common but is described in some atypical endometriomas ([Figure 1](#fig1){ref-type="fig"}). In a review of a large series of studies, approximately 8% of endometriomas are reported to contain atypical endometriosis \[[@B20]\]. Increased awareness of the characteristics of atypical endometriomas will improve early detection of patients with endometriosis who are at risk of EAOC. The proposed step by step process of transformation from retrograde menstruation to ovarian cancer is presented in [Figure 2](#fig2){ref-type="fig"}.

2.2. Effect of Ovulation Inhibition on Endometrioma Development {#sec2.2}
---------------------------------------------------------------

Endometriosis is strongly correlated with a history of infertility and nulliparity \[[@B1]\]. Unfortunately, measures for the prevention of endometrioma before the clinical diagnosis are not known.

It was initially assumed that past oral contraceptives users are at higher risk for endometriosis. The explanation of this paradigm is that dysmenorrhea, as a reason to initiate estroprogestins, is significantly more common in women with endometriosis than in women without the disease ("the chicken or the egg causality dilemma") \[[@B21]\].

A good in vivo model of "zero-time" for the study of the endometrioma development is the period after a conservative surgery for stripping of an endometrioma and the risk of recurrence. Several studies have demonstrated the important reduction of cyst recurrence after surgery for cystectomy in case of prolonged ovulation inhibition, like during the use of estroprogestin contraceptive pills. A recent meta-analysis found a recurrent endometrioma one year after surgery in 8% of "always" oral contraceptive users and in 34% of women who do not use it (pooled odds ratio 0.12; 95% confidence interval 0.05--0.29) \[[@B22]\]. This rate of recurrence, also during constant ovulation inhibition, may indicate that ovulation is not the only mechanism involved in endometrioma development. However, the presence of bias such as the presence of residual cyst after a noncomplete surgery cannot be excluded.

A progestin (dienogest) administered at dosages capable of inhibiting ovulation demonstrated being efficient in reducing the stage of endometriosis, evaluated laparoscopically by the revised American Fertility Society (rAFS) score \[[@B23]\]. In addition progestins alone, such as norethisterone acetate and dienogest \[[@B23]\], given continuously, improve endometriosis-related pain symptoms. Oral contraceptive pill containing dienogest inhibits ovulation and maintains cyclic menstrual bleeding. Still it is highly effective in controlling pain associated with the disease, in particular dysmenorrhea, chronic pelvic pain, and dyspareunia, and in improving quality of life \[[@B24]\].

GnRH agonist therapy, inducing amenorrhea and anovulation, is a highly effective treatment option for many subjects with endometriosis, but it is accompanied by nonnegligible side effects of bone loss and menopausal symptoms. For these reasons, its use should not exceed six months \[[@B25]\].

2.3. Effect of Menstruation Inhibition on Endometrioma Development {#sec2.3}
------------------------------------------------------------------

In endometriosis, the cyclical bleeding could be associated with a retrograde fall of blood containing cytokines and other inflammation mediators secreted by ischaemic endometrium. Accordingly, avoiding menstrual bleeding may improve disease control and can increase the effect of medical treatments on pain.

There is no data in the literature reporting the effect of tubal sterilization and the subsequent risk of developing an endometrioma, but there are cases describing endometriosis recurrence after hysterectomy. Likely, the recurrence of disease after hysterectomy can be due to persistence of the disease \[[@B26]\].

Following conservative surgery the continuous instead of cyclic administration of a hormonal contraceptive, avoiding cyclic menstrual flows, is associated with a greater reduction of endometrioma recurrence \[[@B27], [@B28]\] and a more effective pain management \[[@B24], [@B29]\]. These findings empirically suggest that the development of endometrioma not only is dependent on ovulation, but also is intrinsically connected with menstruation. These findings should be taken into consideration when counseling the patients on the most effective therapies capable of avoiding recurrence of clinical disease, pain, and associated infertility.

3. Endometriosis-Associated Ovarian Cancer {#sec3}
==========================================

3.1. Pathogenesis of Endometriosis-Associated Ovarian Cancer (EAOC) {#sec3.1}
-------------------------------------------------------------------

### 3.1.1. Prevalence of Ovarian Cancer {#sec3.1.1}

Ovarian cancer remains the most lethal gynaecological tumor and its prevalence is increasing among gynaecologic malignancies, counting worldwide for 3.7% of all female cancers and for 4.2% of all oncologic deaths in women every year \[[@B30]\]. The reason for this poor prognosis lies mostly in the lack of early detection strategies and effective treatments at the progression after surgical cytoreduction and front-line chemotherapy \[[@B31]\].

More than 90% of ovarian tumors have epithelial origin, while the rest of ovarian malignancies arise from germ cells or granulosa-theca cells. Of all epithelial tumors, about 60--70% are serous, 5% are mucinous, and 15% are either endometrioid and clear-cell \[[@B32]\]. Based on the histopathologic and molecular genetic alterations, serous ovarian carcinomas can be further subdivided in high- (90--95%) and low-grade (5--10%) subgroups, making up a total of 5 main types of epithelial ovarian cancers with essential differences in epidemiological and genetic risk factors, precursor lesions, patterns of spread, oncogenetic mechanisms, and prognosis \[[@B33]\].

### 3.1.2. Pathogenesis of Epithelial Ovarian Cancer {#sec3.1.2}

Notably, each histotype shows a morphological differentiation resembling the normal cells that line the fallopian tube (serous), endocervix (mucinous), endometrium (endometrioid), and vagina (clear-cell).

The epidemiological and genetic risk factors, precursor lesions, pattern of progression, and molecular events during oncogenesis strongly suggest that mucinous cancers are unique among epithelial ovarian malignancies and their development is scarcely influenced by any reproductive factor and thus is not reduced by anovulation and pregnancy \[[@B34]\]. For all these reasons, the possibilities of prevention during reproductive life are scarce.

Like those proposed for endometriomas, there are various hypotheses formulated to explain ovarian carcinogenesis for serous, endometrioid, and clear-cell tumors but none is perfectly in agreement with epidemiological observations.

Fathalla \[[@B35]\] proposed that ovulation implies a sort of inflammatory response, with cellular infiltration as well as the release of cytokines and chemokines. This chronic mechanism of cellular infiltration and cytokines release, along with the exposure of the ovarian surface mesothelium to repeated trauma and repair processes, may induce DNA damage and result in malignant degeneration. The fundamental issue unclarified in this hypothesis is that the reduction in ovarian cancer risk achieved with tubal sterilization is not due to ovulation inhibition \[[@B36]\]. Furthermore, diseases causing chronic anovulation, such as polycystic ovarian syndrome, have no such protective effect \[[@B37]\].

Recent investigations have instead suggested that a substantial number of traditionally considered primary serous, endometrioid, and clear-cell ovarian cancers originate in the fallopian tube and the endometrium and involve the ovary secondarily \[[@B33]\].

Studies of women with BRCA1 or BRCA2 mutations undergoing risk reducing salpingooophorectomy have highlighted the distal fallopian tube as a common (80%) site of tumor origin and additional studies of unselected women with pelvic serous carcinoma have demonstrated that serous tubal intraepithelial carcinoma (STIC) may precede a significant percentage of these tumors \[[@B38]\]. The theory of the pathogenesis from STIC at the fimbriated end of the Fallopian tube is not confirmed by the fact that ovarian serous cancer is prevented by tubal ligation, a procedure during which the ampulla with its fimbriated end is usually preserved \[[@B39]\]. Vercellini et al. \[[@B40]\] recently unified these theories, proposing the "incessant menstruation" theory: the iron-induced oxidative stress derived from retrograde menstruation. The fimbriae, floating in bloody peritoneal fluid, are exposed to the action of catalytic iron and to the genotoxic effect of reactive oxygen species, generated from haemolysis of erythrocytes by pelvic macrophages. This would explain also the distal site of tubal intraepithelial neoplasia. In their opinion the likelihood of developing epithelial ovarian cancer may be influenced not by the lifetime number of ovulations, but by that of menstruations. The three "actors" involved in the pathogenesis of serous, endometrioid, and clear-cell ovarian cancers (the retrograde menstruation, the ovulation, and the fimbriae) are schematically represented in [Figure 3](#fig3){ref-type="fig"}.

### 3.1.3. Endometriosis-Associated Ovarian Cancer (EAOC) {#sec3.1.3}

The relationship between endometriosis and ovarian cancer was firstly described by Sampson in 1927 \[[@B5]\]. Sampson proposed the following criteria for diagnosing the carcinomatous development in endometriosis: (1) coexistence of carcinoma and endometriosis within the same ovary, (2) a similar histological pattern, and (3) exclusion of a second malignant tumor elsewhere. In 1953, Scott has added a fourth criterion, which is the demonstration of a histology-proven transition from benign endometriosis to cancer \[[@B41]\]. Since then, a considerable number of studies have indicated an increased risk of epithelial ovarian cancer among women with endometriosis \[[@B42]--[@B45]\], with a prevalence of ovarian cancer ranging from 0.7% to 17% of women with endometriosis \[[@B4]\].

Endometriosis was associated with a significantly increased risk of clear-cell and endometrioid invasive ovarian cancer with an odds ratio ranging from 3.7 to 35.4. A recent pooled analysis showed also a 2-fold increased risk for low-grade serous carcinomas \[[@B47]\]. No association was reported between endometriosis and mucinous or high-grade serous ovarian cancer or borderline tumors of either subtype \[[@B47]\]. While endometriosis does share some aspects of malignancy, such as increased growth and vascularization and tissue invasion, in this disease the pivotal characteristics of cancer (monoclonal expansion, genetic abnormalities, and replicative advantage) remain to be defined \[[@B48]\]. Experimental data seems to be consistent with the progression model for carcinogenesis from the benign precursor to ovarian cancer but they could not be unequivocally replicated.

EAOC is described as an ovarian cancer having both cancer cells and endometriosis in the same ovary, presence of cancer in one ovary, and endometriosis in second ovary or presence of ovarian cancer and pelvic endometriosis.

Recent molecular studies have linked endometriosis with ovarian cancer through pathways related to oxidative stress, inflammation, and hyperestrogenism and finally to genomic alterations \[[@B49]\] ([Figure 4](#fig4){ref-type="fig"}).

On the bases of the gene expression profile and some histopathological and clinical features, ovarian cancer has been divided into two distinct subgroups: type I and type II ovarian cancers. Type I ovarian cancer includes low-grade and borderline serous, endometrioid, mucinous, and clear-cell carcinomas. The most frequent mutations in this type of tumors involve KRAS, BRAF, ERBB2, PTEN, PIK3CA, b-catenin gene (CTNNB1), and ARID1A and PPP2R1A genes. The other tumors, including high-grade serous, mixed malignant mesodermal, carcinosarcomas, and undifferentiated tumors are classified as type II ovarian cancer. Type II tumors, which include the majority of epithelial tumors, are more aggressive and in up to 95% of patients TP53 is affected by a mutation \[[@B50], [@B51]\]. For other researchers the classification of ovarian cancers into just two types is artificial and limits the progress in understanding the biology of the disease: they have proposed 5 clinically, morphologically, and molecularly different classes of the disease, basing on different molecular abnormalities (high-grade serous: BRCA, p53; low-grade serous: BRAF, KRAS; mucinous: KRAS, HER2; endometrioid: PTEN, ARID1A; and clear-cell: HNF1, ARID1A) \[[@B33]\]. Notably, recent genome sequencing studies reported frequent mutations of ARID1A and PIK3CA genes and moderate mutations of PPP2R1A and KRAS in ovarian clear-cell carcinomas \[[@B52], [@B53]\] and frequent mutations of PTEN, CTNNB1, and KRAS in endometrioid cancer \[[@B54], [@B55]\]. In accordance with these results, activation of oncogenic KRAS and PI3K pathways and inactivation of tumor suppressor genes PTEN and ARID1A are suggested pathogenic mechanisms for clear-cell and endometrioid ovarian cancers \[[@B56], [@B57]\].

Histologically benign endometriosis may harbor genetic abnormalities that predispose for malignant transformation. The malignant transformation progresses gradually from benign endometriosis to carcinoma through intermediary endometriotic lesions, such as atypical endometriosis. Mutations of ARID1A have been demonstrated in atypical endometriosis, indicating the fact that ARID1A mutations are an early event in the pathogenesis of EAOC. On the other hand, no alterations of ARID1A expression were found in the distal nonatypical endometriotic tissue of the same patients \[[@B58]\]. These data suggest that ARID1A is a tumor suppressor gene, whose loss of expression leads to a process of precancerous transition. However, it is widely discussed at which stage of ovarian cancer development ARID1A mutations occur. In fact, several studies indicated that loss of ARID1A expression is also observable in some cases of nonatypical endometriomas \[[@B59]\].

Activation of the PI3K/AKT pathway (through mutation of PIK3CA and AKT or inactivating mutations of PTEN) is a frequent event in clear-cell and endometrioid ovarian cancers. Activating mutations in PIK3CA have been described to occur in 33--40% of clear-cell ovarian cancer, and loss of PTEN expression has been found in 40% of clear-cell ovarian cancers and AKT2 amplification in 14% \[[@B60], [@B61]\]. At the same time, several studies described PI3K/AKT pathway activation in endometriosis \[[@B62]--[@B65]\]; particularly inactivation of PTEN was detected in more than 75% of EAOCs \[[@B66]\] and in about 15% of endometriotic lesions \[[@B67]\]. In the endometriotic lesions, PI3K/AKT pathway regulates FOXO1 protein, a member of the forkhead-box O family, and the decidua-specific gene IGF binding protein-1 (IGFBP-1), which are both involved in the decidualization of endometrial cells. Interestingly, both inhibition of PI3K and AKT led to increasing nuclear FOXO1 and IGFBP1 levels in response to treatment with medroxyprogesterone acetate and dibutyryl cAMP, supporting evidence that the increased PI3K/AKT pathway is involved in the reduced decidual response in endometriosis \[[@B68]\].

Mutations of the gene KRAS were found in 10--20% of EAOCs \[[@B69]--[@B71]\]. In a more recent study, KRAS mutations were identified in 29% of endometriosis-associated endometrioid cancers but in only 3% of tumors in which endometriosis was not identified, supporting the hypothesis that KRAS mutations have an important role only in EAOCs \[[@B72]\]. Furthermore, Dinulescu et al. forced expression of oncogenic KRAS or conditional PTEN deletion in ovarian surface epithelium of a mouse model obtaining preneoplastic ovarian lesions with an endometrial glandular morphology, while the combination of both gave rise to invasive and widely metastatic endometrioid ovarian cancer \[[@B73]\]. The pathways involved in EAOC pathogenesis from endometriomas are reassumed in [Figure 5](#fig5){ref-type="fig"}.

Chronic inflammation has been demonstrated in the establishment and progression of endometriosis, through the secretion of growth factors and proinflammatory cytokines, including matrix metalloproteinase- (MMP-) 3, interleukin- (IL-) 6, intercellular adhesion molecule-1, tumor necrosis factor- (TNF-) alpha, and IL-8, inducing proliferation of peritoneal macrophages and mesothelial cells. The inflammatory state increases during the menstrual phase, probably as the consequence of the irritative stimulus induced by retrograde menstruation \[[@B74]\].

Numerous studies have demonstrated an association between hyperestrogenism and gynecologic malignancies, including cancers of the breast, endometrium, and ovary \[[@B45]\]. Several mechanisms facilitate the accumulation of an excess of estrogens in endometriomas. The enzyme aromatase is highly present in endometriomas \[[@B75]\]. Aromatase catalyzes the conversion of androstenedione and testosterone, derived from ovarian and adrenal sources, to estrone and estradiol (E2), respectively. Furthermore, in endometriomas the enzyme 17*β*-hydroxysteroid-dehydrogenase (17*β*-HSD) type 2 is lacking. This enzyme can convert E2 to the less potent estrogen estrone \[[@B76]\]. Excess of E2 can result in cellular proliferation through the stimulation of cytokine production, specifically interleukin- (IL-) 8, and RANTES and also of prostaglandin E2 (PGE2) that can stimulate the activity of aromatase, resulting in a positive feedback loop in favor of hyperestrogenism. This highly proliferative microenvironment in endometrioma presents an enhanced level of reparative activity, with a higher chance for DNA damage and mutations.

Among EAOC, there is an important difference in steroid receptors: the clear-cell subtype typically does not express estrogen (ER) and progesterone receptors (PR), while the endometrioid subtype expresses both of them \[[@B77]\]. Expression of ER could be a pivotal point in the carcinogenic pathway, separating the development of estrogen-dependent carcinomas (endometrioid) from estrogen-independent carcinomas (clear-cell) \[[@B78]\].

According to some authors, patients with EAOC have a lower stage of cancer, a distribution of histological subtypes that differs from the general population, predominantly lower-grade endometriosis lesions, and significantly better overall survival as compared with other ovarian carcinomas \[[@B49]\]. The possible explanation for this evidence is that benign symptomatic disease leads to an increased number of examinations and scans, which in turn may lead to an earlier diagnosis of OC. Conversely, in other trials endometriosis per se does not appear to predict prognosis especially in clear-cell and endometrioid tumors, not resulting in a prolonged overall survival \[[@B80]\].

3.2. Effect of Ovulation Inhibition on Ovarian Cancer Development {#sec3.2}
-----------------------------------------------------------------

Ovarian cancer risk is higher in nulliparous women, with a history of "incessant ovulation" \[[@B81]\]. Long-term artificial inhibition of ovulation can be obtained during reproductive life with the use of hormonal contraceptives. About one-third of ovarian cancers are prevented by ever use of a hormonal contraceptive \[[@B36], [@B82]\]. The longer the woman uses hormonal contraceptives the greater is the reduction in ovarian cancer risk, with the use for about 15 years reducing the risk of ovarian cancer of about 50%. Interestingly, this protective effect continues for more than 30 years after hormonal contraceptive discontinuation, with a progressive reduction over time. Also the mortality from ovarian cancer is reduced in hormonal contraceptives users with a RR of 0.4 (95% CI, 0.3--0.6), which progressively declines in relation to total duration of use \[[@B83]\]. The mechanism of this protection is not fully understood but it seems to be directly connected to the lifetime number of ovulatory cycles inhibited \[[@B84]\]. However, it seems that hormonal contraceptives provide a stronger protective effect than expected from anovulatory action alone.

The preventive effect of hormonal contraceptives is different among several histological subtypes: a lower degree of risk reduction being observed for mucinous invasive cancers. After 5 years of hormonal contraceptive use, Beral et al. \[[@B84]\] showed a risk reduction of 22.1% for serous, of 27.1% for endometrioid, and of 21.3% for clear-cell carcinomas, but only a nonsignificant 6.7% reduction for mucinous ones. A study has estimated that women with endometriosis benefit most from long-term inhibition of ovulation with hormonal contraceptives, experiencing a risk reduction of about 80% following 10 years of use \[[@B85]\].

3.3. Effect of Menstruation Inhibition on Ovarian Cancer Development {#sec3.3}
--------------------------------------------------------------------

An in vivo model of absence of retrograde menstruation is tubal sterilization. A systematic meta-analysis \[[@B39]\] observed a 34% reduction in the risk of ovarian cancer after tubal sterilization (RR 0.66; 95% CI 0.60--0.73). The overall protective effect afforded by tubal ligation is substantially similar to that observed with hormonal contraceptive use. Also regarding the histotypes, the effect appears to be the same as for hormonal contraceptive use, in particular, the greatest for endometrioid cancers (RR 0.40; 95% CI 0.30--0.53), slightly reduced but significant for serous subtypes (RR 0.73; 95% CI 0.63--0.85), and absent for the mucinous subgroup (RR 0.92; 95% CI 0.66--1.30).

Consistently, also hysterectomy decreased the risk of ovarian cancer (RR 0.64, 95% CI 0.48--0.85) \[[@B45], [@B86]\].

Unfortunately, there are no data on ovarian cancer risk with the use of hormonal contraceptives given in a continuous fashion, in order to avoid cyclic menstrual bleedings. Theoretically such hormonal contraceptive use should be associated with a further reduction of ovarian cancer risk.

4. Conclusions {#sec4}
==============

Endometriosis is a relatively common disease in the general population, affecting about one in ten women. Women with endometriosis are at doubled-tripled risk of specific gonadal malignancies. The ovarian cancer subtypes most frequently associated with endometriosis are clear-cell and endometrioid carcinomas that represent about 30% of total ovarian cancers. Recent data demonstrated a doubled risk also for low-grade serous ovarian cancers (about 5% of ovarian cancers) while mucinous (about 5%) and high-grade serous (about 60%) cancers appear not to be associated with the disease. This last subtype is the most common epithelial ovarian cancer, often presenting with an advanced disease stage at diagnosis for the very early transcoelomic pattern of spread, resulting in the poorest prognosis \[[@B33]\].

In our review, we show how both endometriomas and EAOCs are intrinsically and similarly dependent by the number of ovulations and retrograde menstruations during a woman reproductive life. Reduced number of pregnancies and late pregnancies and reduced time of lactation have led to a greater exposure of women to risk factors for endometriosis and EAOC, such as ovulation and cyclic menstrual bleeding, prompting an increased prevalence of these diseases.

Multiple pregnancies reduce the risk for both the disorders. Tubal sterilization, which avoids menstrual reflux in peritoneal cavity, is associated with a similar decrease of ovarian cancer risk (EAOCs and high-grade serous cancers) and similarly hysterectomy reduces the risk of ovarian cancer. Furthermore, the risk for EAOCs and high-grade serous cancers is also dramatically reduced by the use of hormonal contraceptives that reduce the exposure to both ovulation and cyclic menstrual reflux during reproductive life. Similarly the continuous use of hormonal contraceptives particularly in a continuous fashion reduces the risk of recurrence after the conservative surgery of an ovarian endometrioma.

For all these reasons, in patients with ovarian endometriosis, methods to inhibit ovulation and/or to reduce retrograde menstruation should be strongly encouraged if indicated, for the possibility to protect from endometrioma recurrence, from the increased risk of transformation in EOACs, and from the general incidence of high-grade serous ovarian cancers, although probably similar to that of the general population.

The pathogenetic transformation from endometriosis to ovarian cancer is not fully understood, but it seems mainly related to the cooperation of oxidative stress, inflammation, hyperestrogenism, and specific genomic alterations. A pathogenetic view starting from endometrioma and atypical endometrioma to EAOC seems plausible and supported by the same gene mutations observed in atypical endometriosis and EAOC.

Atypical endometrioma with atypia and/or hyperplasia is a relatively common figure in the histological specimens of our surgeries (about one in twelve). Likely an increased awareness to the characteristics of this entity will improve the early detection of patients who are at highest risk of EOAC and will provide further insights into this issue.

There are some limitations about the data reviewed in this paper. Firstly, the present study is a narrative review that tends to be mainly descriptive, does not involve a systematic search of the literature, and often focuses on a subset of studies in an area chosen based on availability or author selection, consisting in a possible selection bias. They can also be confusing at times, particularly if similar studies have diverging results and conclusions. Furthermore, this review is not based on prospective randomized controlled trials but mainly on large observational population studies. For these reason, the results of the present review should be interpreted with caution.

To conclude, the carcinogenetic potential of endometrioma is a continuous source of interest and its study may help to clarify the pathogenesis of ovarian cancer and to better adopt effective preventive strategies.
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![Specimens from our institution. (a) Typical endometrioma (20x EE). (b) Endometrioma with moderate atypia: initial hyperplasia and cellular atypias (40x EE). (c) Endometrioma with severe atypia: marked hyperplasia and more evident cellular atypias (20x EE). (d) Endometrioid carcinoma (40x EE).](BMRI2015-751571.001){#fig1}

![The proposed step by step process of transformation from retrograde menstruation to typical endometrioma, through atypical endometrioma, and finally to endometrioid or clear-cell ovarian cancer.](BMRI2015-751571.002){#fig2}

![The three "actors" involved in the pathogenesis of serous, endometrioid, and clear-cell ovarian cancers: the retrograde menstruation, the ovulation, and the fimbriae.](BMRI2015-751571.003){#fig3}

![Different mechanisms involved in the malignant transformation of an endometrioma.](BMRI2015-751571.004){#fig4}

![Molecular pathways involved in endometriosis-associated ovarian cancer pathogenesis from endometriotic lesions. In particular, activation of oncogenic KRAS and PI3K pathways and inactivation of tumor suppressor genes PTEN and ARID1A.](BMRI2015-751571.005){#fig5}
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